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Background: Promoting daily routine physical activities, such as active travel to school, may have important health
implications. Practitioners and policy makers must understand the variety of factors that influence whether or not a
child uses active school travel. Several reviews have identified both inhibitors and promoters of active school travel,
but few studies have combined these putative characteristics in one analysis. The purpose of this study is to
examine associations between elementary school children’s active school travel and variables hypothesized as
correlates (demographics, physical environment, perceived barriers and norms).
Methods: The current project uses the dataset from the National Evaluation of Walk to School (WTS) Project, which
includes data from 4th and 5th grade children and their parents from 18 schools across the US. Measures included
monthly child report of mode of school travel during the previous week (n = 10,809) and perceived barriers and
social norms around active school travel by parents (n = 1,007) and children (n = 1,219). Generalized linear mixed
models (GLMM) with log-link functions were used to assess bivariate and multivariate associations between
hypothesized correlates and frequency of active school travel, assuming random school effect and controlling for
the distance to school.
Results: The final model showed that the most relevant significant predictors of active school travel were
parent’s perceived barriers, specifically child resistance (Estimate = −0.438, p < 0.0001) and safety and weather
(Estimate = −0.0245, p < 0.001), as well as the school’s percentage of Hispanic students (Estimate = 0.0059,
p < 0.001), after adjusting for distance and including time within school cluster as a random effect.
Conclusions: Parental concerns may be impacting children’s use of active school travel, and therefore, future
interventions to promote active school travel should more actively engage parents and address these concerns.
Programs like the Walk to School program, which are organized by the schools and can engage community
resources such as public safety officials, could help overcome many of these perceived barriers to active
transport.
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Promoting daily routine physical activities, such as active
travel to school, may have important health implications.
Studies conducted across multiple countries have con-
sistently shown that children who walk or bike to school
have higher daily levels of physical activity (PA) than
those who travel to school by car or bus [1,2]. Some
studies have even shown active commuting to school to
be associated with better weight and metabolic out-
comes [3,4], and biking to school to be associated with
higher cardiorespiratory fitness [5,6]; however, results
across studies have been less consistent [7]. While active
commuting appears to have important health benefits,
the proportion of students who walk or bike to school in
the US has declined substantially over the past 40 years
[8,9]. While 41% of students walked or biked to school
in 1969, this proportion decreased to 10% in 2009. In
order to reverse this trend, practitioners and policy
makers must understand the variety of factors that influ-
ence whether or not a child uses active school travel.
Several literature reviews [2,10-12] have highlighted
factors associated with children’s use of active school
travel, including socio-demographic characteristics
(e.g., ethnicity, income), attributes of the physical en-
vironment (e.g., distance, sidewalk width, weather),
and perceptions of the social environment (e.g., social
norms). These results generally suggest that children
from non-white ethnic backgrounds and/or low-income
families, and those who live close to school and travel
with friends are more likely to engage in active school
travel than their counterparts. While these reviews are
helpful in identifying both inhibitors and promoters
of active school travel, no study has combined these
putative characteristics in one analysis. The methodo-
logical limitation of focusing only on the significance
of association between a single variable and active
school travel has been previously reported [13]. Under-
standing the main correlates of active school travel
may help practitioners and policy makers design and
implement more effective active transportation inter-
vention programs.
The study uses data from the National Evaluation of
Walk to School project [14,15]. Data from this project
provide the opportunity to explore the interplay between
socio-demographic characteristics, the physical environ-
ment, and the social environment – factors that have
been highlighted in a recent review as important corre-
lates of active school travel [16]. More specifically, this
paper will use data from a large and geographically dis-
persed sample of children and parents to describe both
individual and combined associations between use of
active school travel and several hypothesized correlates
including socio-demographic factors, physical factors,
and parent and child perceptions).Methods
Study design and sample
Data were collected as part of the National Evaluation of
Walk to School Project, a nationwide study of the Walk
to School (WTS) program and its impact in the US. All
procedures for this study were approved by the Institu-
tional Review Board at the University of North Carolina
at Chapel Hill. The first phase of this project involved a
national survey of WTS program coordinators [15], from
which 14 schools were randomly selected to participate
in a more intensive evaluation (phase 2). These 14 “case”
schools represented five geographic regions (Alaska and
Northwest (NW), California (CA), Southcentral (SC),
Southeast (SE), and Northeast (NE)), as well as three
levels of WTS program implementation (low, medium,
high) [14,15]. In addition, a “control” school (with no
previous participation in WTS) was also identified from
each of the five regions and recruited to participate for a
total sample of 19 schools. Data from one school were
excluded from the current analysis because the school
was located in a rural area where active transportation
to the school was not possible (with WTS efforts being
used to promote activity through a “walk at school”
effort). Thus, data from 18 elementary schools in nine
states were available.
Recruitment and data collection procedures
Recruitment was a two-step process that first required
recruiting a sample of schools, then recruiting a sample
of families at those schools with a child in 4th or 5th
grade. School principals were the target for initial invita-
tions, which were sent along with a fact sheet describing
the nature and purpose of the study. When necessary, a
complete description of study protocols was submitted
to the local school board for approval. Schools that
agreed to participate signed a memorandum of under-
standing and designated a member of the school staff to
serve as the local coordinator for the project.
Once a school agreed to participate, an onsite visit was
conducted during the fall of 2003. During this visit, pro-
ject staff conducted an assessment of the school’s active
travel environment. In addition, project staff trained the
local coordinator on recruitment and data collection
procedures so that they could assist with distribution
of materials supplied by the project (e.g., recruitment
packets and surveys) and return on completed surveys
to the project office.
Recruitment of families was initiated after this visit.
Information packets were sent home to all eligible
families. Packets included a project fact sheet, a re-
quest for family participation, and a parent school
travel and safety survey. Given the minimal risk of this
study and lack of any identifying information, return of
the parent survey was considered as consent for their
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for children, where consent forms were returned only if
parent did not want child to participate.
Approximately two weeks after distributing these
parent information packets, child surveys began to be
administered. Child surveys were completed during
class at regularly time points throughout the school
year (from October 2003 to May 2004). Surveys in-
cluded a travel recall that was collected monthly and a
school travel and safety survey (similar to the parent
survey) that was collected once in the fall and again in
the spring.
Toward the end of the school year, onsite visits were
repeated to assess any changes in the school’s active
travel environment. Additionally, a second round of par-
ent school travel and safety surveys was also distributed.
Measures
Active school travel
Use of active school transportation was assessed using a
travel recall instrument with acceptable reliability and
validity evidence [17]. Travel recalls asked children to
report how often they used various modes of travel to
get to and from school during the previous week, includ-
ing: walking, riding a bike, riding a car or riding a bus.
For example, questions were phrased: “Last week, how
many days did you walk to school?” Trips to and from
school were asked separately, resulting in a total of 8
questions. Students could answer 0 to 5 for each ques-
tion. The main outcome used in the statistical analysis
was total number of active trips per week. This included
trips to and from school made by walking or biking,
scores ranged between 0 and 10. The travel recalls were
also used to identify the percentage of “active” travelers
(children with ≥ 4 active travel trips per week) at each
school.
School travel and safety
School travel and safety surveys were completed by both
parents and children. The parent version of the survey
assessed perceived barriers and the social norms around
active school travel. Given the known influence of dis-
tance on use of active school travel, the survey began by
asking parents to estimate the distance between home
and school (response options: less than ½ mile, between
½ and 1 mile, between 1 and 1 ½ miles and more than 1
½ miles). From this information, we calculated the per-
centage of families at a given school living within 1 mile
radius. Parents were then asked to identify reasons why
they “cannot or do not allow their child to walk or bike
to school” from a checklist of 22 barriers commonly
reported in the literature and identified from formative
work [18]. Using exploratory factor analysis we identified
five barrier factors using 20 of the original 22 items.They included external safety and weather (6 items:
bullies, kidnapping, arriving safely to school, weather,
unleashed dogs and traffic congestion), suitability of the
route (6 items: lack of sidewalks and crosswalks, steep
hills, areas without people around, speed and traffic and
insufficient daylight in the morning), time issues (3 items:
lack of time in the morning and afternoon, more conve-
nient to drop-off or pick-up), no walking companion (3
items: no other kids or adults to walk with, conflicts with
work schedule), and child resistance (2 items: child too
tired and child does not want walk or bike). Details of this
exploratory factor analysis are available as an Additional
file 1. Each barrier item was scored 0 (no) or 1 (yes) and
an average score was computed for each barrier factor.
For ease of use, scores were multiplied by 100 so that they
represented the proportion of items within a given barrier
factor selected by parents. Higher scores indicate a greater
number of perceived barriers to active school travel.
School level barrier scores were then computed by aver-
aging scores for a given factor across all parents at the
school. Parents’ perceived active school travel norms were
assessed with one question, “How often do other people in
the neighborhood walk or bike with children to/from
school?” (Response options: everyday, a few times a week,
a few times a month, a few times a year, or never). The
percentage of parents at a given school who responded
“everyday” or “a few times a week” was then calculated.
The child version of school travel and safety survey
asked students to identify “things that made it hard to
walk or bike to school” using a checklist of 13 items.
Based on expert opinion, response frequency and previ-
ous research, an index was computed for the five most
common barriers: traffic, weather, no time in the morn-
ing, too tired in the morning and parents don’t let them.
A barrier index score was computed for each child by
averaging responses to these five barrier items (1 =
marked, 0 = not marked). This score was then multiplied
by 100 in order to calculate the percentage of these five
barriers selected. Higher scores indicated a greater num-
ber of perceived barriers to active school travel. School
level barrier scores were then computed by averaging
scores across all children at the school. The child per-
ceived active school travel norms were estimated by
asking “if other kids in their neighborhood walk or bike
to/from school”. The outcome was calculated as per-
centage of children responding “yes”.
Physical environment
Two aspects of the physical environment were measured,
walkability-bikeability and temperature. The Walkability
and Bikeability Suitability Assessment (WABSA) protocol
[19] was used to assess the school zone and surrounding
area. The walking suitability component captures vari-
ables like vehicle traffic and speed, pedestrian signals
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component captures variables like vehicle traffic and
speed and suitability of roads (e.g., bike lane presence,
width, etc.). The most popular routes were identified by
school administrators, and assessment forms were com-
pleted on a sample of road segments within a 1-mile
buffer of the school by research staff who visited the
school on two occasions. Walkability and bikeability
scores were continuous values with higher scores indi-
cating a more hazardous environment. Following the
WABSA instructions [19], walkability and bikeability
scores were classified into 5 categories: very poor, poor,
fair, good and very good. The percentage of good and
very good road segments for walkability-bikeability per
school were calculated and used in the analysis.
Average monthly temperature for each school location
was obtained from www.almanac.com/weather. If the
exact location of the school was not available on the
website, the closest neighboring city with information
was identified. Temperature data were compiled for each
of the 8months when data about walking and biking
were collected.
School-level descriptive variables
Data about student enrollment, race/ethnicity, and num-
ber of students receiving free or reduced price lunch
were collected for each school either through the initial
WTS survey or from information publically available
through various school or state websites.
Statistical analysis
Total number of trips to and from school (including
both active and passive transport modes) was calculated
in order to check for errors and excessive absences from
school on a given week. Travel recalls were excluded if
the child reported more than 12 trips to and from school
(indicating more trips than possible during the week) or
less than 8 trips (indicating more than 1 day of missed
school or non-reporting), thus reducing the number of
usable recalls from 12,719 to 10,809 (85%).
Because participants’ data (parents and children, fall
and spring) were not linked, all variables were summa-
rized at the school level including: active school travel,
parents’ and children’ perceived barriers and active
school travel norms, distance to school, and walkability-
bikeability. For those measured in the fall and spring (all
variables except the active school travel), we examined if
there were significant differences between the two time
points. Because there were no significant differences, an
average score was calculated and used in the subsequent
analysis.
Generalized linear mixed models (GLMM) with log-link
functions were used to assess bivariate and multivariate
associations between individual variables and active schooltravel trips per week. The distribution of the main out-
come (active school travel per week) was assumed to be
Poisson because it was skewed to the left with many zero
active school travel trips even though it was truncated at
10 travel trips to the right. Because student level active
school travel data were clustered by school and time, each
GLMM included time within school cluster as a random
effect, and individual and school level variables as fixed
effects. The intraclass correlation (ICC) for the number
of times walking to and from school/week was calculated
by adopting the approach described by Nakagawa and
Schielzeth [20] for a generalized Poisson distribution. The
ICC was 0.03 (95% C.I. 0.013-0.049) with a standard error
of 0.01. All models were adjusted for distance by including
the proportion of families living within 1 mile of school as
a covariate because the distance was a strong predictor of
active school travel and it changed estimates of relations
(betas) drastically in many cases between each of other
covariates and active school travel.
To build our final model, we started with a base model
that included all variables with a substantial relationship
(p < 0.15) with active school travel trips from the bivari-
ate analyses, including distance, percentage of African
American and Hispanic students, parent barrier factors
(safety and weather, suitability of the route to school, child
resistance), child barrier index, parent and child perceived
social norms, walk/bikeability, and temperature. The
parent barrier factor “no walking companion” was a sig-
nificant in the bivariate analysis, but was not included
in building the final model due to its strong correlation
with another parent barrier factor “safety and weather”
(r = 0.821). Based on our knowledge of the scientific
literature, consensus among the authors and to minimize
issues with colinearity only “safety and weather” was
retained in the base model. This base model was re-
duced using a manual stepwise backward elimination
approach in developing the final model. At each step,
one variable was removed based on the significance
of the parameter estimates (largest p-value) and the
change in the −2 log-likelihood (smallest change when
variable removed). The stepwise reduction continued
until p-values for all parameters were < 0.15 and/or the
change in the −2 log-likelihood was > 2 (df = 1) for any
variable removed. This process resulted in removing four
variables: percentage of African American students, chil-
dren’s perceived barrier index, parents’ perceived active
school travel norms, and children’s active school travel
norms. All calculations were performed using the software
packages of SAS version 9.2 and SPSS v.16.0 for Windows.
Results
Characteristics of the Schools
Characteristics of the schools including state location, level
of WTS program implementation, student enrollment,
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lunch program, frequency of active school travel, percent-
age of students within a walkable distance from school (1
mile) are shown in Table 1. Schools were located in nine
states: Florida, North Carolina, Texas, Colorado, California,
Alaska, Minnesota, Pennsylvania and New Jersey. The stu-
dent enrollment, racial and ethnic distribution, and partici-
pation in the lunch program varied substantially among
schools. The average monthly response rate to travel recall
surveys among the 4th and 5th grade students from all the
schools was 55.6%. However, response rates across schools
and months ranged from 19.8% to 85.2%. On average, stu-
dents engaged in 3.1 active school trips per week (out of 10
possible); and 35.5% were classified as active travelers
(those reporting ≥4 active trips per week). Most students
(58.2%) lived within 1 mile of their school. The average
temperature from October to May across all schools was
51.7 Fahrenheit, but varied from a low of 25.1 (in Alaska)
to a high of 69.1 (in Florida). Based on WABSA observa-
tions, 50% of the identified roads in 10 of 18 schools were
in good or very good condition for walking and biking
(data not shown).
Correlates of active school travel
The bivariate analysis (Table 2) found that the following
factors were significantly related to children’s active
school travel: percentage of students living within a
1-mile radius (Estimate = 0.0276, p < 0.0001), percentage of
students who are African American (Estimate = −0.0099,
p = 0.0002) or Hispanic (Estimate = 0.0075, p < 0.0001),
walk/bikeability (Estimate = 0.0034, p = 0.0283), four of
the parent’s perceived barrier factors (safety and wea-
ther (Estimate = −0.0272, p < 0.0001), suitability of the
route (Estimate = −0.0175, p = 0.0030), no walking com-
panion (Estimate = −0.0308, p < 0.0001) and children’s
resistance (Estimate = −0.0627, p < 0.0001)), children’s
perceived barriers (Estimate = −0.0431, p < 0.0001), and
perceived active school travel norms by parents (Estimate
= 0.0166, p < 0.0001) and children (Estimate = 0.0158, p =
0.0002). Higher percentage of Hispanic students, walk/
bikeability scores, and parents’ and children’s perceived
active school travel norms were associated with higher
levels of active school travel. However, higher percent-
age of African American students and parents’ per-
ceived barriers were associated with lower levels of
active school travel.
The stepwise reduction of the base model resulted in
removing four variables: percentage of African American
students, children’s perceived barriers, parents’ perceived
active school travel norms, and children’s active school
travel norms (Table 3). The final model included distance
(Estimate = 0.0301, p < 0.0001), percentage of Hispanic
students (β= 0.0059, p < 0.0001), temperature (Estimate =
0.0034, p = 0.1285), walk/bikeability (β= 0.0031, p = 0.0255),safety and weather (Estimate = −0.0245, p < 0.0001),
suitability of the route (Estimate = 0.0182, p < 0.0018),
and children’s resistance (Estimate = −0.0438, p < 0.0001).
Temperature was the only variable in the final model with
a p-value >0.05. Parents’ perceived safety and weather
and children’s resistance were found to have negative
association with active school travel while all other
factors (i.e., percentage of Hispanic students, walk/bike-
ability scores and parent’s perceived suitability of the
route) had a positive association with active school travel.
Discussion
This study found that active school travel was mainly
related to a combination of parent’s perceptions, socio-
demographic and environmental variables, even after
adjusting for distance to school. More specifically, we
observed that higher rates of active school travel were
found in schools where parents perceived low levels of
children’s resistance to active school travel, were less
concerned about safety and inclement weather and,
unexpectedly, perceived the route as having more envir-
onmental challenges to navigate (suitability). We also
found higher rates of active travel at schools with a
higher percentage of Hispanic students and where roads
and pathways to school were more pedestrian and cyclist
friendly. The three more significant correlates for active
travel (p < 0.0001) from the model were parents’ percep-
tion of children’s resistance, parents’ perception of safety
and weather and the percentage of students who were
Hispanic.
Parents’ perceptions of children’s resistance seem to
play a key role on the decision of walking or cycling to
school in the current study. Similar results have been re-
ported in 5–6 year old [21] and 9–11 year old [22,23]
Australian children. In the first study with younger chil-
dren, parents’ perception of their child’s lack of “energy”
was correlated to active school travel. In the studies with
older children, the parents’ perceptions that their child
doesn’t like to walk was negatively associated with active
school travel while perceptions that the child preferred
to walk was positively associated. The child’s own per-
ceptions and decisions have also been reported to be
essential in the decision-making process leading to his/
her engagement in active school travel [16]. Although
items about child resistance were included in both par-
ent and child surveys’ questions about barriers, it only
emerged as a separate factor in the parent survey. And
because the parent and child survey data were not
linked, it is difficult to distinguish whether it is actual
child resistance or parent perceptions of child resistance
that is having the greatest impact on active school travel.
While our exploratory factor analysis of parents’ per-
ceived barriers combined issues of safety and weather, with
the final model showing them to be inversely associated
Table 1 Descriptive characteristics of socio-demographic factors, active school travel and distance, stratified by schools
Region
& level State
# Students
Race/Ethnicity (%)
Free/reduced
lunch (%)
Sample size* Active school travel/week Distance
White AA† Hispanic Other Response
rate (%)
Surveys
collected
# Months Median
(25th, 75th)
Mean
(SD)
% (% w/in
1 mile)
CA-0 CA 606 6.4 2.0 88.6 3.0 80.4 51-72 587 8 5 (0,10) 5.0 (4.2) 59.5 72.5
CA-1 CA 321 24.6 3.1 70.7 1.2 75.1 31-48 283 5 1 (0,10) 3.7 (4.3) 41.7 60.2
CA-2 CA 547 43.3 27.1 19.6 8.8 88.5 65-72 506 6 5 (0,10) 4.8 (4.3) 54.9 92.0
CA-3 CA 479 74.9 0.4 19.2 5.0 11.7 42-64 695 8 0 (0,6) 2.8 (3.9) 30.1 39.7
NE-0 PA 342 31.3 23.1 41.2 4.4 71.9 55-76 325 5 10 (5,10) 7.1 (3.9) 77.8 96.3
NE-2 PA 402 92.8 4.5 1.2 1.5 16.7 72-100 917 8 1 (0,5) 2.9 (3.7) 36.3 78
NE-3 NJ 531 94.2 0.6 0.8 4.5 0.0 43-56 697 7 5 (0,9) 4.7 (4.1) 54.8 91.9
NW-0 AK 461 59.4 0.9 3.0 36.7 28.0 33-45 502 6 0 (0,1) 1.7 (3.2) 19.5 39.9
NW-1 AK 340 54.1 0.3 3.5 40.9 28.3 19-59 359 8 1 (0,6) 3.3 (4.0) 40.9 72.9
NW-2 MT 473 90.5 0.4 2.1 7.0 29.0 51-91 591 7 1 (0,8) 3.5 (4.1) 39.6 51.5
NW-3 AK 583 16.8 14.2 9.1 59.9 75.5 15-56 547 8 0 (0,2) 2.2 (3.8) 23.9 72.2
SC-0 CO 374 60.7 3.2 19.5 16.6 52.7 13-29 201 6 1 (0,8) 3.4 (4.1) 39.3 58.8
SC-1 TX 573 44.7 38.6 15.2 1.6 42.8 38-71 619 8 5 (0,8) 4.5 (3.9) 58.2 74.7
SC-2 CO 427 81.0 3.3 11.7 4.0 22.7 13-57 249 8 0 (0,6) 2.9 (4.1) 34.1 65.9
SC-3 TX 347 67.9 8.6 18.4 5.1 9.4 70-84 571 8 0 (0,2) 1.8 (3.3) 20 40.9
SE-3 FL 850 45.8 53.0 0.6 0.6 69.9 35-72 433 8 0 (0,0) 1.2 (2.9) 12.5 47.6
SE-0 FL 371 51.9 32.4 12.7 3.1 52.7 69-94 1642 8 0 (0,0) 1.3 (3.1) 15.2 24.3
SE-2 NC 349 73.3 11.9 10.0 4.9 55.3 74-91 1085 8 0 (0,10) 3.1 (4.4) 34 50.2
*Sample size for the main outcome (active school travel). The response rate is expressed with the range along the different measures (lowest –highest), surveys collected for each school (N total = 10,809 surveys) and
number of the monthly measures (maximum 8 -from October until May). †Africa American.
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Table 2 Descriptive characteristics of the total sample and independent bivariate analysis with active school travel per
week
Bivariate associations with active school travel per week*
Mean ± SD Estimate t value p
Distance (% within 1 mile) 62.76 ± 20.33 0.0276 13.62 <0.0001
Socio-demographic factors (% of students)
White 56.31 ± 25.97 0.0011 0.70 0.4856
African American 12.64 ± 15.74 −0.0099 −3.83 0.0002
Hispanic 19.28 ± 24.33 0.0075 4.80 <0.0001
Free or reduced lunch 45.03 ± 27.74 −0.0021 −1.36 0.1748
Physical factors
Temperature (°F) 50.50 ± 15.43 0.0047 1.74 0.0851
Walk/bikeability (% good or very good) 48.92 ± 26.68 0.0034 2.22 0.0283
Parents’ perceived barriers (% of barriers endorsed by parents)
Safety and weather 34.38 ± 8.33 −0.0272 −6.03 <0.0001
Suitability of the route to school 19.73 ± 7.14 −0.0175 −3.03 0.0030
Time issue 15.85 ± 4.90 −0.0009 −0.11 0.9148
No walking companion 18.84 ± 5.94 −0.0308 −4.75 <0.0001
Children’s resistance 7.67 ± 4.38 −0.0627 −7.94 <0.0001
Parents’ perceived active school travel norms (% perceiving others
walking/biking to school with children every day and a few times a week)
53.61 ± 15.04 0.0166 4.09 <0.0001
Children’s perceived barriers (% of barriers endorsed by children) 35.67 ± 4.72 −0.0431 −5.81 <0.0001
Children’s perceived active school travel norms
(% perceiving other kids walking/biking to school)
56.32 ± 12.81 0.0158 3.85 0.0002
* Bivariate associations were adjusted for distance and clustering (school*time). Distance adjusted for clustering only.
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looked at these issues separately. An association with
safety has been regularly evidenced in the literature with
parents reporting concerns about traffic safety (e.g., dan-
gerous street crossings), poor pedestrian access to school
(e.g., missing or incomplete sidewalks), and crime threats
(e.g., bullies) [2,10-12,24]. A qualitative study focused in
the parents’ decision making process of their children’s
school travel mode indicated that the primary decisions
were related to safety issues (e.g., traffic, strangers) [25].
However other studies have shown those children’s [26,27]
and adolescent’s [28] perceptions of safety are generally
unrelated to whether they walked to school. Hence, safety
perceptions from parents and children seem to diverge.
These divergent perceptions were illustrated in a study by
Olvera et al., which showed that children perceived their
neighborhood safer than their mothers [29]. Lorenc et al.
reported that children and young people would like to
walk and cycle more and be more independently mobile,
but were restricted by their own and their parents’ con-
cerns about safety [10].
Similarly, the literature shows an association between
active school travel and weather. Lorenc et al.’s literature
review of active school travel correlates identified three
different studies assessing the influence of weather [10].They reported that bad weather was widely regarded as
a disincentive to walking or cycling. Similarly, two longi-
tudinal studies have shown seasonal variability, especially
for cycling, supporting the influence of weather on
patterns of commuting to school among youth from
Norway [30] and US [31]. However, findings have not al-
ways been consistent; others in the US and Australia
have found that parents’ perceptions of weather and ob-
jective weather assessment related very little to active
school travel [32]. Understanding that parents and chil-
dren are hesitant to walk in rainy or very cold weather
should be used with knowledge about local seasonal
weather patterns to inform practitioners and interven-
tionist about the best time of year to promote active
travel.
The final model also indicated that schools with a
higher percentage of Hispanic students had a higher per-
centage of active travelers, but percentage of African
American students was not a significant predictor. Find-
ings are difficult to compare to previous studies as the
literature has shown mixed results. A 2008 review con-
cluded that minorities (Hispanics and African Americans)
were more likely to engage in active school travel [2].
However, studies published since that review have often
found no significant association between active school
Table 3 Estimates for assessing associations between active school travel and each of covariate in the base and final
models
Base model Final model
Estimate t-value p Estimate t-value p
Intercept −0.0989 −0.17 0.8686 −0.4832 −2.13 0.0353
Distance 0.0275 6.00 < 0.0001 0.0301 16.60 <0.0001
White Not in b/c bivariate p > 0.15
African American −0.0006 −0.15 0.8795
Hispanic 0.0052 2.58 0.0110 0.0059 4.23 <0.0001
Temperature (°F) 0.0030 1.17 0.2429 0.0034 1.53 0.1285
Walk/bike-ability 0.0024 1.38 0.1695 0.0031 2.26 0.0255
Safety and weather * −0.0160 −1.53 0.1280 −0.0245 −4.27 <0.0001
Suitability of the route to school 0.0102 1.07 0.2868 0.0182 3.19 0.0018
No walking companion Not in b/c covary with Safety and Weather (r = 0.821)
Children’s resistance −0.0453 −4.22 <0.0001 −0.0438 −4.83 <0.0001
Parents’ perceived active school travel norms −0.0005 −0.09 0.9292
Children’s perceived barriers −0.0096 −0.85 0.3975
Children’s perceived active school travel norms 0.0018 0.36 0.7184
All models were adjusted for clustering (school*time) and distance (% within 1 mile of school).
Base model was reduced in a stepwise fashion in building final model. One variable was removed at each step based on the significance of the parameter
estimates (largest p-value greater than 0.15) and the change in the log-likelihood (smallest change when variable removed). The stepwise reduction continued
until p-values for all parameters were < 0.15 and/or change in log-likelihood > 2.00 (df = 1) for any variable removed. This process resulted in removing 4 variables:
percentage of African American students, children’s perceived barriers, parents’ perceived active school travel norms, and children’s active school travel norms.
*The variable “safety and weather” was strongly correlated with “no walking companion” (r = 0.821); for this reason only one was retained in the base model.
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race [10,34-37]. Other studies have even shown ethnicity
and race to be associated with lower rates of active school
travel [9,37,38]. The relationship between ethnicity and
active travel seen in the current and earlier studies is
hypothesized to reflect cultural norms in which Hispanic
adults are more likely to walk for transportation and leis-
ure [39]. However, Mendoza et al. observed that level of
acculturation was inversely associated with active school
travel among Latino children [33]. Hence the lack of asso-
ciation seen in more recent studies may reflect greater
acculturation of those samples. In the present study, level
of acculturation was not assessed, so it is impossible to
understand to what degree that may explain the associ-
ation observed. McDonald et al. [35] were able to deter-
mine that a major factor in these relationships between
ethnicity and race with active school travel were due to
distance between home and school, with a greater percent-
age of Hispanic (35%) and African American (22%) chil-
dren living within 1 mile of school compared to white
(16%) children. This may help explain why in our final
model, which controlled for distance, race was no longer a
significant predictor of active school travel. The negative
association observed in the bivariate analysis may have
been a reflection of African American children living a
farther distance from school. Another underlying factor
identified by McDonald et al. influencing this relation-
ship between ethnicity/race and active school travel wasincome [35]. Income is commonly studied socio-demo
graphic variable, and generally, studies indicate that chil-
dren from a low socio-economic status (SES) back-
ground are more likely to walk or bike to school than
children with a higher SES [3,34,37,40,41]. In the present
study, household income was not assessed, but the
percentage of students receiving free or reduced lunch
(an indicator of SES at the school level) was not signifi-
cantly related to active school travel. While this school-
level variable is not a perfect assessment of income,
Su et al. were able to demonstrate a positive association
with active school travel using a very similar school-
level indicator [37]. This interplay of ethnicity, race,
acculturation, and income is a complex issue that war-
rants additional exploration in future research.
Overall the findings suggest that future active school
travel intervention efforts should incorporate strategies
to work with parents in order to identify the safest route
to school or create monitored routes to reduce anxiety
about safety issues, improve parent–child communi-
cations about active transportation which may help to
clarify misperceptions around child’s interest, and to
encourage and support active school travel during the
most appropriate time of the year. Because distance is so
strongly related to active school travel it must be consid-
ered when interventions are planned. This could be as
simple as targeting only families within a certain dis-
tance, or distance to school could be incorporated into a
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intensity of the intervention for a given family. One
model that addresses many of these issues and has been
used effectively in a number of communities is the
Walking School Bus (WSB) [42]. WSB is a walk-to-
school program where children walk to school in groups
along a set route (and with set stops along with way),
with adults (e.g., parents) essentially serving as the bus
driver for supervision. It may be a good strategy to: en-
courage children to walk together, get parents involved
in their children’s active school travel, and be a visible
sign of active school travel that models this behavior for
the whole community [42].
Study limitations and strengths
The main limitation of the current study was that child
and parent data were not linked and individual child
participation was not followed over time. Therefore, all
data had to be analyzed at the school-level. Child travel
data, which were collected monthly but not matched
over time, limit our ability to describe the change in ac-
tive school travel for individual children. Finally, these
data were part of a national evaluation study that oc-
curred over 10 years ago. While there have been national
policy initiatives like Safe Routes to School implemented
in the interim, funding for such programs has been limited
and is estimated to have reached only 10% of schools [9].
The stability in rates of active school travel would suggest
that determinants of this behavior have not changed dras-
tically. Therefore, the information presented is believed to
remain very relevant for today despite the time lapse be-
tween the evaluation and the current analysis.
In spite of these limitations, this study had several
strengths. The main strength was the large number of sur-
veys (n = 10,809) that were collected from children over
eight consecutive months and the amount of survey infor-
mation gathered from hundreds of children and their
parents from 18 different schools across the US. This in-
formation provides a unique national perspective for
active school travel patterns. We also used a continuous
variable as the main outcome (i.e., active travels per week)
ranging from 0 to 10 weekly travels. Most studies include
a dichotomized variable of active school travel (active vs.
non-active) which may limit their ability to detect the
effect certain variables on active school travel, especially
given the large number of children that use more than one
mode of travel. Finally, we adjusted for distance in all the
analysis allowing us to identify factors that relate to active
school travel independent of distance to school.
Conclusions
In conclusion, controlling for the fact that distance
between home and school is an important predictor of
active school travel, parents’ perceptions of their children’sresistance to active school travel and parental concerns
about safety and weather travel to school are the primary
modifiable correlates for active school travel among 4th
and 5th grade children in the US. Future interventions to
promote active school travel should more actively engage
parents and address these concerns. Programs like the
Walk to School program, which are organized by the
schools and can engage community resources like pub-
lic safety officials, could help overcome many of these
perceived barriers to active transport.Additional file
Additional file 1: Exploratory factor analysis: Parent’s barriers.Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
DW designed the original study and served as the principal investigator
providing scientific oversight for all activities. AV served as the project
manager and oversaw the data collection and data cleaning. PC, DH, ZG
and AN analyzed and interpreted the data. PC led the development the
manuscript, with contributions from all authors. All authors reviewed and
approved the final manuscript.
Acknowledgments
This study was supported by a cooperative agreement from the Centers
for Disease Control and Prevention, Special Interest Project (SIP 09–02).
The project was conducted out of the Center for Health Promotion and
Disease Prevention, a Prevention Research Center funded through a
cooperative agreement with the Centers for Disease Control and Prevention
(U48-DP001944). The findings and conclusions in this journal article are
those of the authors and do not necessarily represent the official position
of the Centers for Disease Control and Prevention. The authors would like
to thank our project officers, Janet Fulton, Sarah Martin, and Jessica Shisler,
for their guidance through the all stages of this project. In particular, our
sincere thanks go to Dr. Jianwen Cai, Professor, Department of Bistatistics,
Gillings School of Global Public Health, for her expert guidance in the
statistical analyses used in this paper. Finally, we would like to thank the
hundreds of children and multiple school officials without whom this
project would not have been possible.
Author details
1Department of Physical Education and Sport, School of Sport Sciences,
University of Granada, Ctra. Alfacar, s/n, Granada 18011, Spain. 2Department
of Nutrition in the Gillings School of Global Public Health, Chapel Hill, NC
27599, USA. 3Center for Health Promotion and Disease Prevention, University
of North Carolina at Chapel Hill, 1700 Martin L. King Jr. Blvd, CB 7426, Chapel
Hill, NC 27599, USA. 4Department of Biostatistics, University of North Carolina
at Chapel Hill, 122 1501 Baity Hill, CB 7420, Chapel Hill, NC 27599, USA.
Received: 11 November 2013 Accepted: 30 April 2014
Published: 9 May 2014
References
1. Schoeppe S, Duncan MJ, Badland H, Oliver M, Curtis C: Associations of
children’s independent mobility and active travel with physical activity,
sedentary behaviour and weight status: a systematic review. J Sci Med
Sport 2013, 16(4):312–319.
2. Davison KK, Werder JL, Lawson CT: Children’s active commuting to school:
current knowledge and future directions. Prev Chronic Dis 2008, 5(3):A100.
3. Mendoza JA, Liu Y: Active commuting to elementary school and adiposity:
an observational study. Child Obes 2014, 10(1):34–41.
Chillón et al. International Journal of Behavioral Nutrition and Physical Activity 2014, 11:61 Page 10 of 10
http://www.ijbnpa.org/content/11/1/614. Pizarro AN, Ribeiro JC, Marques EA, Mota J, Santos MP: Is walking to school
associated with improved metabolic health? Int J Behav Nutr Phys Act
2013, 10:12.
5. Cooper AR, Wedderkopp N, Wang H, Andersen LB, Froberg K, Page AS:
Active travel to school and cardiovascular fitness in Danish children and
adolescents. Med Sci Sports Exerc 2006, 38(10):1724–1731.
6. Chillon P, Ortega FB, Ruiz JR, Veidebaum T, Oja L, Maestu J, Sjostrom M:
Active commuting to school in children and adolescents: an opportunity
to increase physical activity and fitness. Scand J Public Health 2010,
38(8):873–879.
7. Saunders LE, Green JM, Petticrew MP, Steinbach R, Roberts H: What are the
health benefits of active travel? A systematic review of trials and cohort
studies. PLoS One 2013, 8(8):e69912.
8. Ham SA, Martin S, Kohl HW 3rd: Changes in the percentage of students
who walk or bike to school-United States, 1969 and 2001. J Phys Act
Health 2008, 5(2):205–215.
9. McDonald NC, Brown AL, Marchetti LM, Pedroso MS: U.S. school travel,
2009 an assessment of trends. Am J Prev Med 2011, 41(2):146–151.
10. Lorenc T, Brunton G, Oliver S, Oliver K, Oakley A: Attitudes to walking and
cycling among children, young people and parents: a systematic review.
J Epidemiol Community Health 2008, 62(10):852–857.
11. Panter JR, Jones AP, van Sluijs EM: Environmental determinants of active
travel in youth: a review and framework for future research. Int J Behav
Nutr Phys Act 2008, 5:34.
12. Pont K, Ziviani J, Wadley D, Bennett S, Abbott R: Environmental correlates
of children’s active transportation: a systematic literature review. Health
Place 2009, 15(3):827–840.
13. Stewart O: Findings from research on active transportation to school and
implications for safe routes to school programs. J Plan Lit 2011,
26(2):127–150.
14. Vaughn A, Ball S, Linnan L, Marchetti L, Hall W, Ward D: Promotion of
Walking for Transportation: a report from the walk to school day
registry. WTS Registry Report 2007. J Phys Act Health 2009, 6:281–288.
15. Ward DS, Linnan L, Vaughn A, Neelon B, Martin SL, Fulton JE:
Characteristics associated with US Walk to School programs. Int J Behav
Nutr Phys Act 2007, 4(67):67.
16. Pont K, Ziviani J, Wadley D, Abbott R: The Model of Children’s Active
Travel (M-CAT): a conceptual framework for examining factors
influencing children’s active travel. Aust Occup Ther J 2011, 58(3):138–144.
17. Evenson KR, Neelon B, Ball SC, Vaughn A, Ward DS: Validity and reliability
of a school travel survey. J Phys Act Health 2008, 5(Suppl 1):S1–S15.
18. Ahlport KN, Linnan L, Vaughn A, Evenson KR, Ward DS: Barriers to and
facilitators of walking and bicycling to school: formative results from the
non-motorized travel study. Health Educ Behav 2008, 35(2):221–244.
19. Emery J, Crump C, Bors P: Reliability and validity of two instruments
designed to assess the walking and bicycling suitability of sidewalks and
roads. Am J Health Promot 2003, 18(1):38–46.
20. Nakagawa S, Schielzeth H: Repeatability for Gaussian and non-Gaussian
data: a practical guide for biologists. Biol Rev Camb Philos Soc 2010,
85(4):935–956.
21. Timperio A, Ball K, Salmon J, Roberts R, Giles-Corti B, Simmons D, Baur LA,
Crawford D: Personal, family, social, and environmental correlates of
active commuting to school. Am J Prev Med 2006, 30(1):45–51.
22. Wen LM, Fry D, Rissel C, Dirkis H, Balafas A, Merom D: Factors associated
with children being driven to school: implications for walk to school
programs. Health Educ Res 2008, 23(2):325–334.
23. Trapp GS, Giles-Corti B, Christian HE, Bulsara M, Timperio AF, McCormack GR,
Villaneuva KP: Increasing children’s physical activity: individual, social, and
environmental factors associated with walking to and from school.
Health Educ Behav 2012, 39(2):172–182.
24. Lee C, Zhu X, Yoon J, Varni JW: Beyond distance: children’s school travel
mode choice. Ann Behav Med 2013, 45(Suppl 1):S55–S67.
25. Faulkner GE, Richichi V, Buliung RN, Fusco C, Moola F: What’s “quickest and
easiest?”: parental decision making about school trip mode. Int J Behav
Nutr Phys Act 2010, 7:62.
26. Napier MA, Brown BB, Werner CM, Gallimore JM: Walking to school: community
design and child and parent barriers. J Environ Psychol 2011, 35:45–51.
27. Rossen LM, Pollack KM, Curriero FC, Shields TM, Smart MJ, Furr-Holden CD,
Cooley-Strickland M: Neighborhood incivilities, perceived neighborhood
safety, and walking to school among urban-dwelling children. J Phys Act
Health 2011, 8(2):262–271.28. Voorhees CC, Ashwood S, Evenson KR, Sirard JR, Rung AL, Dowda M,
McKenzie TL: Neighborhood design and perceptions: relationship with
active commuting. Med Sci Sports Exerc 2010, 42(7):1253–1260.
29. Olvera N, Smith DW, Lee C, Liu J, Lee J, Kellam S, Kim J-H: Hispanic
maternal and children’s perceptions of neighborhood safety related to
walking and cycling. Health Place 2012, 18(1):71–75.
30. Borrestad LA, Andersen LB, Bere E: Seasonal and socio-demographic
determinants of school commuting. Prev Med 2011, 52(2):133–135.
31. Yang Y, Diez Roux AV, Bingham CR: Variability and seasonality of active
transportation in USA: evidence from the 2001 NHTS. Int J Behav Nutr
Phys Act 2011, 8:96.
32. Ziviani J, Kopeshke R, Wadley D: Children walking to school: parent
perceptions of environmental and psychosocial influences. Aust Occup
Ther J 2006, 53:27–34.
33. Mendoza JA, Watson K, Baranowski T, Nicklas TA, Uscanga DK, Nguyen N,
Hanfling MJ: Ethnic minority children’s active commuting to School and
Association with Physical Activity and Pedestrian Safety Behaviors. J Appl
Res Child 2010, 1(1):1–23.
34. Deweese RS, Yedidia MJ, Tulloch DL, Ohri-Vachaspati P: Neighborhood
perceptions and active school commuting in low-income cities. Am J Prev
Med 2013, 45(4):393–400.
35. McDonald NC: Critical factors for active transportation to school among
low-income and minority students. Evidence from the 2001 National
Household Travel Survey. Am J Prev Med 2008, 34(4):341–344.
36. McDonald NC: Children’s mode choice for the school trip: the role of
distance and school location in walking to school. Transportation 2008,
35(1):23–35.
37. Su JG, Jerrett M, McConnell R, Berhane K, Dunton G, Shankardass K,
Reynolds K, Chang R, Wolch J: Factors influencing whether children walk
to school. Health Place 2013, 22:153–161.
38. Mendoza JA, Cowan D, Liu Y: Predictors of children’s active commuting to
school: an observational evaluation in five us communities. J Phys Act
Health 2013. Epub 2013 Apr 5.
39. Kruger J, Ham SA, Berrigan D, Ballard-Barbash R: Prevalence of
transportation and leisure walking among U.S. adults. Prev Med 2008,
47(3):329–334.
40. Chillon P, Ortega FB, Ruiz JR, Perez IJ, Martin-Matillas M, Valtuena J,
Gomez-Martinez S, Redondo C, Rey-Lopez JP, Castillo MJ, Tercedor P,
Delgado M: Socio-economic factors and active commuting to school in
urban Spanish adolescents: the AVENA study. Eur J Public Health 2009,
19(5):470–476.
41. Pabayo R, Gauvin L, Barnett TA: Longitudinal changes in active
transportation to school in Canadian youth aged 6 through 16years.
Pediatrics 2011, 128(2):e404–e413.
42. Mendoza JA, Levinger DD, Johnston BD: Pilot evaluation of a walking
school bus program in a low-income, urban community. BMC Public
Health 2009, 9:122.
doi:10.1186/1479-5868-11-61
Cite this article as: Chillón et al.: A cross-sectional study of
demographic, environmental and parental barriers to active school
travel among children in the United States. International Journal of
Behavioral Nutrition and Physical Activity 2014 11:61.Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
